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Background and purpose — There is a need to understand the 
reasons why a high proportion of rotator cuff repairs fail to heal. 
Using data from a large randomized clinical trial, we evaluated 
age and tear size as risk factors for failure of rotator cuff repair. 
Patients and methods — Between 2007 and 2014, 65 surgeons 
from 47 hospitals in the National Health Service (NHS) recruited 
447 patients with atraumatic rotator cuff tendon tears to the 
United Kingdom Rotator Cuff Trial (UKUFF) and 256 underwent 
rotator cuff repair. Cuff integrity was assessed by imaging in 217 
patients, at 12 months post-operation. Logistic regression analysis 
was used to determine the infl uence of age and intra-operative 
tear size on healing. Hand dominance, sex, and previous steroid 
injections were controlled for.
Results — The overall healing rate was 122/217 (56%) at 12 
months. Healing rate decreased with increasing tear size (small 
tears 66%, medium tears 68%, large tears 47%, and massive 
tears 27% healed). The mean age of patients with a healed repair 
was 61 years compared with 64 years for those with a non-healed 
repair. Mean age increased with larger tear sizes (small tears 59 
years, medium tears 62 years, large tears 64 years, and massive 
tears 66 years). Increasing age was an independent factor that 
negatively infl uenced healing, even after controlling for tear size. 
Only massive tears were an independent predictor of non-healing, 
after controlling for age. 
Interpretation — Although increasing age and larger tear size 
are both risks for failure of rotator cuff repair healing, age is the 
dominant risk factor.
■
Rotator cuff tendon tears are very common and are found in 
around 15–20% of 60-year-olds, 26–30% of 70-year-olds, and 
36–50% of 80-year-olds (Tempelhof et al. 1999, Minagawa 
et al. 2013). Tendon tears may cause signifi cant pain and loss 
of function. In patients with persistent symptoms surgical 
repair is commonly performed. Rotator cuff repair incidence 
has increased in the United States to over 15 per 103 people 
(Colvin et al. 2012) in 2006, with over 270,000 being per-
formed per annum (Jain et al. 2014). 
Reported healing rates range from 6% to 100% (Galatz et 
al. 2004, Gumina et al. 2012). Interpretation of these stud-
ies is confounded by variations in the defi nition of healing, 
the time point at which healing is assessed and the imaging 
modality and method used to assess healing. A recent NIHR 
Health Technology Assessment program funded a random-
ized trial of open versus arthroscopic repair (UKUFF trial), 
which revealed that 40% of repairs fail within 12 months irre-
spective of the surgical technique used and that a failed repair 
adversely affected patient outcomes (Carr et al. 2015). Confu-
sion also arises when considering prognostic factors that may 
infl uence healing following surgical repair. Commonly cited 
factors are: age (Kim et al. 2012b, Lapner et al. 2012, Rhee 
et al. 2014, Park et al. 2015), tear size (Lapner et al. 2012, 
Ma et al. 2012), fatty infi ltration of supraspinatus muscle 
(Charousset et al. 2010, Voigt et al. 2010), muscle atrophy of 
supraspinatus (Dwyer et al. 2015), muscle-tendon retraction 
(Oh et al. 2010, Chung et al. 2011), sex (Collin et al. 2015), 
manual workers (Collin et al. 2015), workers’ compensation 
(Cuff and Pupello 2012a), poor compliance with rehabilitation 
(Ahmad et al. 2015), hypercholesterolemia, cigarette smoking 
(Nho et al. 2009), low bone mineral density of the humeral 
head (Chung et al. 2011), local corticosteroid injections, type 
of repair construct (Pennington et al. 2010, Gartsman et al. 
2013), and use of orthobiologics (Rodeo et al. 2012, Weber et 
al. 2013, Jo et al. 2015). The factors that are most consistently 
reported are patient age and tear size. 
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The primary aim of this study was to determine the infl u-
ence of age and tear size, determined at surgery, on the heal-
ing rate of rotator cuff repair. We hypothesized that age and 
increasing tear size would both reduce the likelihood of heal-
ing. The secondary aim was to determine whether tear size 
and age were independent risk variables.
Patients and methods
We used data from the UKUFF trial to conduct this study. 
The UKUFF trial was a multicenter pragmatic clinical effec-
tiveness trial investigating differences between open versus 
arthroscopic rotator cuff repair using the Oxford Shoulder 
Score (OSS) at 24 months as the primary endpoint (Carr et al. 
2015). Our focus in this study, however, was on the infl uence 
on healing of age and intraoperative assessment of tear size, 
as determined by MRI imaging 12 months following surgi-
cal repair. Similarly, our intention was to study how age and 
tear size infl uence healing irrespective of the method of surgi-
cal repair, open or arthroscopic, hence both techniques were 
grouped together. 
Subjects
The UKUFF trial included 47 recruitment centers, all of which 
were National Health Service (NHS) Hospitals in the United 
Kingdom. Patients attending an elective outpatient orthopedic 
clinic because of shoulder pain were screened. 447 patients 
were randomized to open or arthroscopic rotator cuff repair in 
a pragmatic multi-center parallel group randomized controlled 
trial, between November 2007 and February 2012 (Carr et al. 
2015). The last patient follow-up was completed in December 
2013. Patients recruited into the trial were over 50 years old, 
with a symptomatic, radiologically confi rmed, atraumatic, full-
thickness rotator cuff tear. For inclusion and exclusion criteria 
for the UKUFF study, see Carr et al. (2015). 65 surgeons in 47 
hospitals performed rotator cuff repair in 256 patients. Patients 
underwent surgical repair (mini-open or arthroscopic) in the 
National Health Service (NHS). Patients whom did not have a 
complete repair, such as those whose tear was irreparable, were 
not included in the study. At the time of surgery, rotator cuff 
tear size was recorded into 1 of 4 categories (small, medium, 
large, and massive). Patients underwent assessment at 2 and 
8 weeks by telephone and at 8, 12, and 24 months postopera-
tively with patient-reported outcomes (the Oxford Shoulder 
Score (Dawson et al. 1996), the Shoulder Pain and Disability 
Index (Roach et al. 1991), and the EuroQol5D (Group 1990)).
At the 12-month post-surgical repair assessment, patients 
underwent evaluation of the repair with MRI scan using a stan-
dardized protocol or, if MRI was contra-indicated, by high-
defi nition ultrasound performed by an experienced ultraso-
nographer. All scans were reviewed by a senior musculoskele-
tal radiologist to determine whether the rotator cuff repair had 
healed, not healed, or if the imaging fi ndings were inconclu-
sive. A healed repair was defi ned as one where the supraspina-
tus tendon remained attached to the proximal humerus, whilst 
a failure to heal was deemed to be a full-thickness defect of 
the supraspinatus tendon. Partial-thickness defects seen at the 
12-month imaging scan were treated as either healed if low 
grade, or inconclusive if high grade. 233 patients underwent 
imaging at 12 months (MRI or US) of which 217 were of suf-
fi cient quality to be interpreted. 3 patients had undergone revi-
sion rotator cuff repair for a radiologically confi rmed failure 
of healing and were included as repair failures. 
Surgical procedure and postoperative rehabilitation
In this pragmatic clinical effectiveness trial surgeons provided 
the usual care for their patients including method of rotator cuff 
repair, type of immobilization, and postoperative protocol for 
rehabilitation. Details of the surgical technique were recorded.
Tear size assessment
Intraoperative assessment of the tear size was used to reduce 
any potential error from measurements taken from preopera-
tive imaging and to account for any progression of the tear 
that might have occurred between imaging and surgery. The 
UKUFF trial report analyzed tear size based on the assess-
ment from preoperative imaging. Surgeons were given educa-
tion and provided with written information on how to assess 
tear size intraoperatively. This included schematic draw-
ings of the shapes and sizes for each of the categories. An 
intraoperative data collection sheet was completed for each 
case. Small tears were defi ned as full-thickness defects in the 
supraspinatus tendon under 1 cm in the anterior–posterior 
(AP) dimension. Medium tears were defi ned as full-thickness 
defects in the supraspinatus tendon only, greater than 1 cm 
and less than 3 cm in the AP dimension. Large tears involved 
full-thickness defects of both the supraspinatus and infraspi-
natus tendons, greater than 3 cm, and less than 5 cm in the 
AP dimension. Massive tears involved all 3 tendons (supra-
spinatus, infraspinatus, and subscapularis) and were greater 
than 5 cm in the AP dimension. All participating surgeons 
met with the senior author and discussed all aspects of trial 
involvement including the data collection theatre form (see 
Supplementary material). All queries were resolved prior to 
commencement of recruitment.
Statistics
We used logistic regression to evaluate the infl uence of patient 
age and intraoperative tear size on structural integrity of rota-
tor cuff repair at 12 months postoperatively in Stata (Stata-
Corp, College Station, TX, USA). Tear size was modeled into 
4 groups (small, medium, large, and massive). Age was ini-
tially treated as a continuous linear factor (years). Sensitiv-
ity of fi ndings, controlling for hand dominance, previous ste-
roid injection, sex, tear size, and age, was assessed. Age was 
also modeled using a fractional polynomial approach which 
allowed age to have non-linear shapes. Odds ratios (ORs) and 
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95% confi dence intervals (CI) were calculated. A p-value ≤ 
0.05 was considered statistically signifi cant.
Ethics, registration, funding, and potential confl icts 
of interest
This study was approved by the United Kingdom Multi-
center Research Ethics Committee (MREC) (Reference: 07/
Q1606/49). The study was funded by the National Institute 
for Health Research (NIHR) Health Technology Assessment 
(HTA) Programme, the Lord Nuffi eld Trust, and the NIHR 
Oxford Musculoskeletal Biomedical Research Unit. No com-
peting interest declared.
Results
447 patients were randomized to surgery; of these, 255 under-
went rotator cuff repair. 86 patients were cancelled whilst 
waiting for surgery because either their symptoms resolved or 
they had become medically unfi t. At surgery 74 were found to 
have no tear due to a false-positive scan and in 32 the tear was 
impossible to repair. We included 3 patients that underwent 
revision rotator cuff repair before the 12-month MRI scan time 
point due to radiologically confi rmed failure of the primary 
repair. Of the 255 patients that underwent surgical repair, 230 
had a standardized assessment of the repair at 12 months post-
operatively of which 13 did not have MRI fi nding or could not 
be interpreted due to metal artifact from suture anchors, leav-
ing 220 patients included in the fi nal analysis (Figure).
Failure rate by tear size
The overall failure to heal rate was 43% (95/220) at 12 months 
post-surgical repair. For small tears, the failure rate was 34% 
(20/58) at 12 months. For medium tears the failure rate was 
36% (27/75). Just under half (47%, 24/51) of large tears 
showed an intact repair at the 12-month MRI scan, and 73% 
(24/33) of massive tears failed to heal. 
Relationship between age and tear size
For small tears, the mean age was 59 years, for medium tears 
62 years, for large tears 64 years, and for massive tears 66 
years. To explore this relationship further, we adjusted for age 
and tear size in the logistic regression model.
Infl uence of age on healing rate
Patients with an intact repair tended to be younger (OR 0.94, 
CI 0.91–0.98, p < 0.01). The logistic regression model demon-
strated that age was an independent predictor for a structurally 
intact rotator cuff repair. The fractional polynomial models 
incorporating age found a linear relationship suffi cient. Fol-
lowing adjustment for tear size, number of corticosteroid 
injections, sex, and hand dominance, age remained a predictive 
factor for healing (OR 0.95, CI 0.91–0.999, p = 0.04).
Infl uence of tear size on healing rate
Increasing tear size was also related to reducing healing rate as 
noted above. However, we aimed to determine, using a logistic 
regression model, if age or tear size had a greater infl uence on 
the likelihood of a successful repair. Following adjustment for 
age, number of corticosteroid injections, sex, and hand domi-
nance only massive tears remained a predictive factor for an 
intact repair at 12 months (OR 0.18, CI 0.05–0.61, p < 0.01). 
The effect of increasing age seen in larger tears is a confounder: 
when controlled for in our model, only massive tear size was an 
independent predictor of healing.
Estimated probability of healing
From a logistic regression model with only age and tear size 
as predictors, the estimated probability of healing was deter-
mined for the patients who were 50, 60, 70 and 80 years old 
with a small, medium, large, or massive tear. In small and 
medium tears in 50- and 60-year-olds the predicted healing 
rate was between 65% and 78% (Table).
Allocated to surgery
n = 447
Had rotator cuff repair
n = 255
Had imaging to assess 
repair integrity at 12 
months postoperatively
n = 233
Included in ﬁnal analysis
n = 220 a
Excluded (n = 192):
– opertion cancelled due to 
   ﬁtness for surgery or resolved 
   symptoms, 86
– no tear, 74
– impossible to repair, 32
Excluded (n = 22):
– lost to follow-up, 22
Excluded (n = 13):
– missing MRI results, 11
– MRI inconclusive, 2
Subjects included in fi nal analysis. a 3 of 220 had missing tear size 
data.
Table 1. Predictive healing (%) for patients according to age with a 
small, medium, large, or massive rotator cuff tear
Age Small Medium Large Massive
50 74 78 63 43
60 65 70 52 33
70 54 60 41 24
80 43 49 31 17
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Discussion
Our study demonstrates that the overall healing rate at 12 
months of 220 operations, performed by 65 surgeons in 47 
hospitals, was 57%. A review of the literature reveals that 49 
studies have reported an overall healing rate of 68% in patients 
with average age of 60 years. Of these, 21 studies were ran-
domized controlled trials (RCTs), 1 pilot RCT (Antuña et 
al. 2013), 6 Quasi-randomized Controlled Trial (Arndt et al. 
2012, Barber et al. 2012, Cuff and Pupello 2012b, Lee et al. 
2012, Ma et al. 2012, Gartsman et al. 2013), 6 prospective 
cohort studies (Iannotti et al. 2006, Ko et al. 2008, Charousset 
et al. 2014, Hernigou et al. 2014, Boyer et al. 2015, Gilot et 
al. 2015), 4 retrospective cohort studies (Tudisco et al. 2013, 
Ciampi et al. 2014, Cho et al. 2015, Wang et al. 2015), 5 case-
control studies (J. R. Kim et al. 2012a, Robertson et al. 2012, 
Rhee et al. 2014, Cho et al. 2015, Park et al. 2015), 2 prospec-
tive case series (Lichtenberg et al. 2006, Maqdes et al. 2014), 
and 4 retrospective case series (Galatz et al. 2004, Chung et 
al. 2011, Meyer et al. 2012, Kerr et al. 2015). Of the 28 stud-
ies reported as Level 1 evidence, there is still substantial risk 
of bias, as determined by the Cochrane risk of bias assess-
ment tool (Higgins et al. 2011). Whilst RCTs are, in principle, 
designed to minimize bias from a variety of causes, it is vital 
that they are conducted and reported correctly to ensure their 
individual risk of bias is low or very low.
When considering the healing rate of rotator cuff repair from 
these 28 studies, the pooled weighted healing rate of rotator 
cuff repair went down from 94% in 2007 to 71% in 2015. The 
reason for this is likely to be multifactorial. One possibility is 
publication bias and an increased tendency to report not just 
clinical outcomes but also imaging of repair integrity post-
surgery. In addition, there has been a dramatic increase in the 
incidence of rotator cuff repair surgery, refl ecting a probable 
change in selection criteria for surgery. 
We found that patients with a healed repair tended to be 
younger. Additionally, small and medium tears were more 
likely to heal than large and massive tears. At face value it 
appears that age and tear size are equally important risk fac-
tors; however, we have demonstrated that when age is adjusted 
for in a logistic regression model only massive tears were 
independently predictive of failure. Park et al. (2015) used 
a univariate analysis in their case-control study to conclude 
that both age and tear size were prognostic factors for heal-
ing. They also noted that the mean age of patients with healed 
repairs was 59 vs. 63 years in those with a failed repair and 
that tears greater than 2 cm in size healed less often than those 
less than 2 cm (66% vs. 89%). They did not adjust for age and 
tear size together.
Lapner et al. (2012) found the mean age of those patients 
with a recurrent tear was 1.8 years older than those with a 
healed repair (p = 0.5). Mean coronal and sagittal tear size was 
statistically signifi cantly different between repairs that healed 
and failed to heal. Rodeo et al. (2012) concluded that at 12 
weeks post-repair, 71% of small tears healed compared with 
82% of medium tears, and 56% of large tears. Gumina et al. 
(2012) reported that the mean age of patients with a healed 
repair was 3.0 years younger than those who had a recurrent 
tear. 
In a case-control study, Rhee et al. (2014) reported the heal-
ing rate in 60- to 69-year-olds as 60%, whilst this reduced to 
50% in 70- to 79-year-old patients. They also reported a simi-
lar reduction in healing rate with increasing tear size (small/
medium tears 85%, large tears 44%, and massive tears 24%). 
2 further case-control studies (Kim et al. 2012a, Robertson et 
al. 2012) concluded that the mean age of patients with healed 
repairs was 61 and 59 years compared with 63 and 61 years 
respectively. Kim et al. (2012a) concluded this difference was 
not signifi cant (p = 0.5), whilst Robertson et al. (2012) made 
no assessment of the signifi cance of their fi nding with respect 
to age. A fourth case-control study concluded the mean age of 
healed repairs was 59 years compared with 63.2 years in those 
that failed to heal (p = 0.001) (Park et al. 2015).
The potential weakness of the UKUFF study is that, due to 
its pragmatic design, surgeons were given freedom to diag-
nose rotator cuff tears using their preferred preoperative imag-
ing modality. A variety of different preoperative imaging sys-
tems were used with reporting by different radiologists and 
standardized assessment of fatty infi ltration and atrophy of 
supraspinatus muscle was not possible (Cho and Rhee 2009, 
Charousset et al. 2010, Voigt et al. 2010, Dwyer et al. 2015). 
However, in this analysis of the UKUFF trial data we used 
intraoperative assessment of tear size, which was carefully 
standardized. Despite reasonable efforts to standardize tear 
size assessment, some variation between surgeons will nev-
ertheless occur. We feel that reducing tears to 4 defi ned size 
categories will improve reliability. Caution must be exercised 
when interpreting the predictive model, which requires valida-
tion in a separate population. We made efforts to standardize 
the postoperative radiological assessment of healing. A single 
consultant musculoskeletal radiologist, blinded to the type of 
surgery performed, reviewed all scans. The accuracy of the 
postoperative imaging assessment was not measured within 
the UKUFF study.
Arguably the strength of this study of outcomes of rotator 
cuff repair is its large size involving 220 patients operated on 
by 65 surgeons in 47 hospitals. The results represent a real-
world evaluation of a commonly performed surgical proce-
dure and are generalizable.
In summary, increasing age negatively infl uenced healing 
even after controlling for tear size but only massive tears were 
an independent risk factor after controlling for age. Clini-
cal decision-making should take into account the overriding 
importance of increasing age as a risk factor when consider-
ing the suitability of rotator cuff surgery for patients. Rates 
of healing are low even for small tears in younger patients 
and there is a compelling case to develop new strategies to 
improve the success of surgery.
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